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Objective
To examine the relationship between preoperative biliary
drainage and the morbidity and mortality associated with
pancreaticoduodenectomy.

Summary Background Data
Recent reports have suggested that preoperative biliary drain-
age increases the perioperative morbidity and mortality rates
of pancreaticoduodenectomy.

Methods
Peri-operative morbidity and mortality were evaluated in 300
consecutive patients who underwent pancreaticoduodenec-
tomy. Univariate and multivariate logistic regression analyses
were done to evaluate the relationship between preoperative
biliary decompression and the following end points: any com-
plication, any major complication, infectious complications,
intraabdominal abscess, pancreaticojejunal anastomotic leak,
wound infection, and postoperative death.

Results
Preoperative prosthetic biliary drainage was performed in 172
patients (57%) (stent group), 35 patients (12%) underwent

surgical biliary bypass performed during prereferral laparot-
omy, and the remaining 93 patients (31%) (no-stent group)
did not undergo any form of preoperative biliary decompres-
sion. The overall surgical death rate was 1% (four patients);
the number of deaths was too small for multivariate analysis.
By multivariate logistic regression, no differences were found
between the stent and no-stent groups in the incidence of all
complications, major complications, infectious complications,
intraabdominal abscess, or pancreaticojejunal anastomotic
leak. Wound infections were more common in the stent group
than the no-stent group.

Conclusions
Preoperative biliary decompression increases the risk for
postoperative wound infections after pancreaticoduodenec-
tomy. However, there was no increase in the risk of major
postoperative complications or death associated with preop-
erative stent placement. Patients with extrahepatic biliary ob-
struction do not necessarily require immediate laparotomy to
undergo pancreaticoduodenectomy with acceptable morbid-
ity and mortality rates; such patients can be treated by endo-
scopic biliary drainage without concern for increased major
complications and death associated with subsequent
pancreaticoduodenectomy.

As institutions have acquired significant experience with
various complex pancreaticobiliary surgical procedures,1–3

there has been renewed interest in investigating the risk/
benefit ratio for preoperative biliary drainage.4–9 In contrast
to the putative benefits of preoperative biliary drainage that
formed the basis for the first generation of controlled tri-
als,10–15recent retrospective studies have suggested that the
placement of biliary drains and subsequent bacterial colo-
nization of the biliary tree may increase the rates of mor-
bidity4,8,16 and mortality4 of pancreaticoduodenectomy. A
recent comprehensive report from Memorial Sloan-Ketter-
ing Cancer Center of 240 consecutive patients who under-
went pancreaticoduodenectomy showed that preoperative
biliary drainage was associated with increased perioperative
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rates of morbidity and mortality.4 Preoperative biliary drain-
age was found to be the only statistically significant variable
associated with overall complications, infectious complica-
tions, intraabdominal abscess, and postoperative death. A
four-fold increase in operative mortality rate among patients
with stents caused the authors to recommend that preoper-
ative biliary drainage be avoided whenever possible. The
authors suggested instead that prompt pancreaticoduodenec-
tomy may improve patient outcome after pancreaticoduo-
denectomy. These observations may have a significant im-
pact on staging and referral practices for physicians who
evaluate patients with obstructive jaundice of presumed
malignant extrahepatic etiology.

The objective of this study was to examine the potential
relationship between preoperative biliary drainage and sub-
sequent morbidity and mortality after pancreaticoduodenec-
tomy performed in a tertiary care cancer center. During the
past decade, we have maintained an active clinical research
program of multimodality therapy for localized pancreatic
cancer. To receive preoperative (neoadjuvant) treatment,
patients with obstructive jaundice required biliary decom-
pression. Thus, if a significant relationship between preop-
erative biliary drainage and surgical morbidity and mortality
exists, we should be able to identify the association given
the large number of patients who have undergone biliary
decompression prior to pre-operative combined-modality
therapy and pancreaticoduodenectomy at our institution.

METHODS

Patients

Using a pancreatic and periampullary cancer database, we
identified 300 consecutive patients who underwent pancre-
aticoduodenectomy for malignancy or suspected malig-
nancy of the pancreas or periampullary region between May
1, 1990, and July 1, 1999 at M. D. Anderson. Patients who
underwent total pancreatectomy or distal pancreatectomy
were not included in this analysis.

Preoperative Evaluation and Treatment

All patients were required to have potentially resectable
disease based on physical examination and previously pub-
lished objective radiographic criteria.17 Pretreatment biliary
decompression was performed in virtually all patients with
biliary obstruction to facilitate protocol-based preoperative
chemoradiation. Preoperative biliary drainage in the early
era was performed by percutaneous transhepatic catheter
(PTC) placement; endobiliary stent (EBS) placement be-
came the preferred approach for biliary decompression after
therapeutic endoscopists (I.R., S.L.) joined our multidisci-
plinary Pancreatic Tumor Study Group. Patients who had
undergone laparotomy with common bile duct exploration
and placement of a common bile duct catheter (T tube)

underwent placement of an EBS with removal of the T tube
(n 5 8).

Biliary instrumentation was defined as any attempt to
perform cholangiography (with or without biliary drainage)
by either an anterograde or retrograde approach. Prosthetic
biliary drainage (PBD) was defined as successful placement
of a PTC or EBS into the biliary tree before pancreaticoduo-
denectomy. Patients treated with a surgical biliary bypass
procedure (BBP) before definitive pancreaticoduodenec-
tomy included patients who underwent prereferral chole-
dochojejunostomy, choledochoduodenostomy, or cholecys-
tojejunostomy. The PBD group was analyzed separately and
in combination with the BBP group to minimize the possi-
ble confounding effects of reoperative biliary surgery on
complication rates.

Many patients in this report underwent preoperative che-
moradiation in either a protocol or off-protocol setting using
either standard-fractionation (50.4 Gy in 28 fractions) or
rapid-fractionation (30 Gy in10 fractions) radiation therapy.
Preoperative treatment protocols included standard-frac-
tionation radiation with 5-fluorouracil18,19 and rapid-frac-
tionation radiation with 5-fluorouracil,20 paclitaxel,21 or
gemcitabine.22

Technique of Pancreaticoduodenectomy

All patients underwent preoperative bowel preparation
with a polyelectrolyte solution and oral antibiotics. Patients
also received perioperative intravenous antibiotic prophy-
laxis using a second-generation cephalosporin with or with-
out metronidazole; penicillin-allergic patients received cip-
rofloxacin and metronidazole.

All patients underwent standard pancreaticoduodenec-
tomy without pylorus preservation.23 When possible, a soft
12-mm occluding bulldog clamp (Soft Surgical Spring Clip,
Applied Medical Resources, Laguna Hills, CA) was posi-
tioned across the transected common hepatic duct to mini-
mize intraperitoneal accumulation of bile during the period
between division of the common hepatic duct and subse-
quent biliary-enteric reconstruction. Reconstruction was by
end-to-side pancreaticojejunostomy.

Postoperative care was as described.23 Patients with un-
explained postoperative fever, leukocytosis, or worrisome
findings on physical examination underwent postoperative
CT. When necessary, intraabdominal fluid collections were
drained percutaneously, and aspirated fluid was sent for
culture and amylase assay.

Preoperative, Perioperative, and
Postoperative Clinical Data

Preoperative, perioperative, and postoperative clinical
data were retrospectively collected by chart review. Preop-
erative comorbidities were recorded, including a history of
jaundice, diabetes mellitus, hypertension, or coronary artery
disease. Perioperative data recorded included surgical time,
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intraoperative blood loss (as recorded in the anesthesia
record), intraoperative transfusion of red blood cells, and
details of the surgical procedure itself, including the need
for portal or superior mesenteric venous resection/recon-
struction and/or contiguous organ resection (colectomy,
hepatectomy, appendectomy, or nephrectomy).

Major complications recorded in the postoperative period
included postoperative death (death during the hospital stay
for surgery or within 30 days of surgery); reoperation (dur-
ing the hospital stay for surgery); postoperative intraab-
dominal hemorrhage (distinct from gastrointestinal bleed-
ing); intraabdominal abscess (postoperative fluid collection
with positive fluid culture results); pancreaticojejunal anas-
tomotic leak, (biochemical [drain amylase level more than
2.5 times the upper limit of normal for serum amylase on
postoperative day 3 or beyond without clinical sequelae] or
clinical [biochemical leak associated with clinical sequelae
such as fever, leukocytosis, fistula, or abscess]); other anas-
tomotic leaks (from the biliary-enteric or gastrojejunal anas-
tomosis); sepsis syndrome (positive blood cultures in the
setting of fever without apparent source); pneumonia (clin-
ical or radiographically significant pneumonia associated
with pulmonary infiltrate with or without positive sputum
cultures); intraluminal gastrointestinal bleeding (distinct
from postoperative intraabdominal hemorrhage); catheter-
related sepsis (positive blood cultures with positive cultures
from the central venous catheter tip); and pulmonary
embolism.

Minor complications recorded included allergic reaction,
atelectasis (radiographic or clinical), cardiac arrhythmia,
wound infection, wound cellulitis, cholangitis, gastrostomy
or jejunostomy tube-related complications (including dis-
lodging or clogging), delayed gastric emptying (gastrosto-
my tube output.1,000 mL on postoperative day 7 or
inability to tolerate a postgastrectomy diet by postoperative
day 10), ileus (absence of flatus and/or bowel sounds be-
yond postoperative day 7), infectious colitis (as documented
by Clostridium difficiletoxin assay), urinary tract infection
(documented by positive urine culture), deep vein thrombo-
sis, chylous ascites, and pleural effusion (radiographic or
clinical).

Statistical Analysis

Results are expressed as the median and range or the
number and percentage of patients. The Kruskal-Wallis test
(nonparametric, one-way analysis of variance) was used to
compare distributions of numeric variables between groups.
The change in length of hospital stay over time was ana-
lyzed using robust linear regression (because of the skewed
distribution). Univariate and multivariate associations be-
tween the biliary decompression groups and outcomes were
analyzed via logistic regression analysis. Results are re-
ported as odds ratios (ORs) with 95% confidence intervals
(CIs) and probability values.P # .05 was considered sta-
tistically significant. Because of the large numbers of com-

parisons and the fact that some of the comparisons lacked
adequate statistical power, the probability values should be
interpreted with caution. Significant probability values may
represent false-positive conclusions, the likelihood of which
is increased as the number of comparisons increases. Non-
significant probability values may represent underpowered
comparisons, which are indicated by CIs that may include
clinically relevant values (e.g., OR, 0.3 or OR. 3.0) and
thus cannot exclude the possibility of strong associations.
Cutoffs for numeric variables were determined by recursive
partitioning analysis using as an end point the occurrence of
either intraabdominal abscess or pancreaticojejunal anasto-
motic leak.

Table 1. DEMOGRAPHIC FACTORS,
COMORBID CONDITIONS, HISTOLOGIC
SUBTYPES, AND TREATMENT-RELATED

FACTORS

Characteristic No. %

Median age (range) 62 yr (9–83 yr)
Gender

Male 164 55
Female 136 45

Comorbid conditions
Diabetes mellitus 61 20
Hypertension 97 32
Coronary artery disease 23 8

Histologic subtypes
Adenocarcinoma

Pancreas 180 60
Ampulla of Vater 34 11
Duodenum 16 5
Bile duct 12 4
Unclassified 2 1

Neuroendocrine tumor 22 7
Other malignant tumor* 9 3
Villous adenoma 4 1
Benign 21 7

Preoperative treatment schedule
Chemoradiation 148 49
Chemotherapy alone** 5 2
Radiotherapy alone (30 Gy in 10 fractions) 1 ,1
No preoperative treatment 146 49

Pancreaticoduodenectomy-associated variables
Prereferral tumor-related laparotomy 58 19
Biliary bypass 36† 12
No biliary bypass 22 7
Vascular resection/reconstruction 89 30

Superior mesenteric/portal vein 80 27
Hepatic artery 8 3
Inferior vena cava 1 ,1

Additional organ resection‡ 14 5

* Soft tissue sarcoma (n 5 5), pancreatic lymphoma (n 5 1), renal cell carcinoma
(n 5 1), or colon cancer (n 5 1).

** Etoposide and ifosfamide (1 patient), carboplatin and 5-fluorouracil (1 patient),
or interferon-2a (1 patient).

† One patient with prereferral biliary bypass had bypass occlusion managed by
preoperative endobiliary stent placement. This patient is analyzed in the pros-
thetic biliary drainage group.

‡ Colon (n 5 10), kidney (n 5 3), or liver (right hepatectomy, n 5 1).
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RESULTS

Clinicopathologic Characteristics and
Preoperative Biliary Instrumentation and
Drainage

During the 9-year period studied, 300 consecutive pa-
tients underwent pancreaticoduodenectomy at M. D. Ander-
son Cancer Center. The demographic factors, comorbid
conditions, histologic subtypes, preoperative treatments,
and surgical variables for this cohort are outlined in Table 1.
Pancreaticoduodenectomy was performed after prereferral
tumor-related laparotomy in 58 patients (19%). Vascular
resection and reconstruction were performed as part of the
surgical procedure in 89 patients (30%).

Preoperative biliary instrumentation was performed in
183 patients (61%): 173 patients underwent ERCP, and 32
patients had PTC placement (22 patients underwent both).
PBD via EBS or PTC was established in 172 patients (57%
of the entire cohort): an EBS was used in 140 patients, a
PTC was used in 28 patients, and other forms of biliary
drainage (T-tube, n5 2; Wallstent, n5 1; cholecystostomy
tube, n5 1) were used in 4 patients. Thirty-six patients
(12%) had undergone a BBP prior to referral (choledochoje-
junostomy, n5 18; cholecystojejunostomy, n5 15; chole-
dochoduodenostomy, n5 2). One patient with occlusion of
a prereferral biliary bypass was managed by preoperative
EBS placement; this patient is included in the PBD group
for analysis.

The demographics, co-morbid conditions, and treatment
factors among the PBD, BBP, and no drainage groups and
the relative frequency of these factors in the PBD versus no

drainage groups are summarized in Table 2. The PBD and
no drainage groups are not comparable in that PBD was
utilized more frequently in patients who had preoperative
biliary instrumentation (OR, 4.5; 95% CI, 2.6–7.7;P ,
0.0001), who were older than 45 years (OR, 2.7; 95% CI,
1.3–5.7;P 5 0.0098), who had adenocarcinoma (OR, 5.6;
95% CI, 2.9–10.9;P , 0.001), who were treated with
preoperative chemoradiation (OR, 3.1; 95% CI, 1.8–5.4;
P 5 0.001), or who had a preoperative serum albumin level
below 4.0gm/dL (OR, 2.5; 95% CI, 1.25–5.0;P 5 0.0051)
(cut points for continuous variables defined by recursive
partitioning). There were no significant differences between
these groups in operating room time (OR, 1.1; 95% CI,
0.7–1.9),P 5 0.67), estimated blood loss (OR, 1.4; 95% CI,
0.8–2.3;P 5 0.24), or transfusion requirement (OR, 1.3,
95% CI, 0.7–2.5,P 5 0.35).

Postoperative Complications, Deaths,
and Length of Hospital Stay

The major and minor complications observed after pan-
creaticoduodenectomy are outlined in Table 3. One or more
complications occurred in 265 patients (88%). Postopera-
tive death occurred in four patients (1.3%) at 2, 11, 39, and
95 days after surgery. The causes of postoperative death
were myocardial infarction (n5 2) and multisystem organ
failure (n5 2). The median hospital stay was 14 days (range
5–80) among the 296 patients who survived surgery. The
length of stay declined over time at a rate of 1.2 days/year,
and the median hospital stay in 1999 was 11.5 days.

Table 2. DEMOGRAPHIC, COMORBID, AND TREATMENT FACTORS BY GROUP:
DRAINAGE, NO DRAINAGE, AND BILIARY BYPASS GROUPS

Factor

No. (%)
PBD vs. No Drainage

Odds Ratio (95% CI), P ValuePBD (n 5 172) No Drainage (n 5 93) BBP (n 5 35)

Demographic factors
Male 102 (59) 45 (48) 17 (49) 1.6 (0.9–2.6), P 5 .09
Age . 45 years 158 (92) 75 (81) 32 (91) 2.7 (1.3–5.7), P 5 .0098

Comorbid conditions
Diabetes mellitus 34 (20) 17 (18) 4 (11) 1.1 (0.6–2.1), P 5 .77
Hypertension 61 (35) 25 (27) 11 (31) 1.5 (0.9–2.6), P 5 .16
Coronary artery disease 11 (6) 8 (9) 4 (11) 0.7 (0.3–1.9), P 5 .51
Preoperative albumin , 4.0 g/dL 144 (84) 64 (69) 25 (71) 2.5 (1.25–5.0), P 5 .0051
Preoperative bilirubin . 3.2 mg/dL 26 (15) 12 (13) 1 (3) 1.2 (0.6–2.5), P 5 .66

Disease and treatment
Adenocarcinoma 156 (91) 59 (63) 29 (83) 5.6 (2.9–10.9), P , .001
Preoperative chemoradiation 92 (53) 25 (27) 27 (77) 3.1 (1.8–5.4), P 5 .001
Biliary instrumentation 127 (74) 36 (39) 20 (57) 4.5 (2.6–7.7), P , .0001
Prior tumor-related laparotomy 13 (8) 10 (11) 35 (100) 0.7 (0.3–1.6), P 5 .38
PD only (no vascular or organ resection) 120 (70) 71 (76) 17 (49) 0.7 (0.4–1.3), P 5 .26

PBD, prosthetic biliary drainage; BBP, prereferral surgical biliary bypass procedure; CI, confidence interval; PD, pancreaticoduodenectomy.
Cutoffs for continuous variables were determined by recursive partitioning using intraabdominal abscess or pancreaticojejunal anastomotic leak as the end point.
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Analysis of Factors Associated With
Morbididty and Mortality

The frequency of major complications in the PBD, BBP,
and no drainage groups is outlined in Table 4 We also

tabulated the frequency of major complications in the PBD
1 BBP groups to facilitate comparison with prior reports.4,8

Univariate regression analysis (data not shown) was used to
compare the frequency of complications in the PBD versus
no drainage groups, the BBP versus no drainage group, and
the PBD plus BBP versus no drainage groups. The frequen-
cies of any complication, any major complication, Univar-
iate regression analysis (data not shown) was used to com-
pare the frequency of complications in the PBD versus no
drainage groups, the BBP versus no drainage group, and the
PBD plus BBP versus no drainage groups. The frequencies
of any complication, any major complication, infectious
complications, and pancreaticojejunal anastomotic leak
were similar in the PBD, BBP, PBD1 BBP, and no
drainage groups. However, wound infections were noted in
23 (13%) of 172 patients in the PBD group and 4 (4%) of 93
patients in the no drainage group (OR, 3.4; 95% CI, 1.2–
10.2,P 5 .028). There was also a statistically significantly
higher wound infection rate in the PBD plus BBP group
than in the no drainage group (OR, 3.2; 95% CI, 1.1–9.4;
P 5 0.036).

Perioperative death occurred in 1 (0.6%) of 172 patients
in the PDB group, 1 (1%) of 93 patients in the no drainage
group, and 2 (6%) of 35 patients in the BBP group. These
differences were not statistically significant by univariate
regression (OR, 1.3; 95% CI, 0.1–13.0;P 5 0.79).

Multivariate logistic regression analyses were performed
for the end points of any complication, any major compli-
cation, infectious complications, intraabdominal abscess,
pancreaticojejunal anastomotic leak, and wound infection
(Table 5, Fig. 1). By multivariate analysis, there were no
significant differences between the PBD and no drainage
groups or the PBD1 BBP and no drainage groups for any
endpoint except wound infection. The wound infection risk
differed significantly between the PBD versus no drainage
groups (OR, 4.1; 95% CI; 1.2–14.0;P 5 .029) and the PBD
1 BBP versus no drainage groups (OR, 4.1; 95% CI;
1.2–13.0; P 5 .022). We did not perform multivariate

Table 3. MAJOR AND MINOR
COMPLICATIONS

Complication No. %

Death 4 1
Major complications

Abscess-related fistula 3 1
Anastomotic leak, pancreaticojejunal 27 9

Biochemical 14 5
Clinical 13 4

Anastomotic leak, other 2 1
Gastrointestinal bleed 8 3
Intraabdominal fluid collection

Abscess 25 8
Sterile collection 13 4

Pneumonia 27 9
Postoperative intraabdominal hemorrhage 5 2
Reoperation 6 2
Sepsis syndrome 6 2
Pulmonary embolism 0 0

Minor complications
Atelectasis 202 67
Bacteremia (source unknown) 14 5
Cardiac arrhythmia 22 7
Central venous catheter infection 15 5
Cellulitis 4 1
Chyle leak 1 ,1
Drain/tube related complication

Dislodged 7 2
Bleeding 1 ,1

Gastric atony 55 18
Ileus 10 3
Pleural effusion 148 49
Radiculopathy 2 1
Thrombophlebitis 4 1
Urinary tract infection 29 10
Wound infection 30 10

Table 4. COMPLICATIONS BY GROUP

End Point

No. Complications (%)

No Drainage (n 5 93) PBD* (n 5 172) BBP (n 5 35) PBD 1 BBP (n 5 207)

Any complication 80 (86) 151 (88) 32 (91) 183 (88)
Any major complication 29 (31) 37 (22) 9 (26) 46 (22)
Infectious complications 29 (31) 64 (37) 12 (34) 76 (37)
Intraabdominal abscess 10 (11) 11 (6) 4 (11) 15 (7)
Wound infection 4 (4) 23 (13) 3 (9) 26 (13)
Pancreaticojejunal leak† 9 (10) 13 (8) 6 (17) 19 (9)
Death 1 (1) 1 (1) 2 (6) 3 (1)

PBD, prosthetic biliary drainage; BBP, prereferral surgical biliary bypass.
* One patient with an occluded choledochojejunostomy had preoperative relief of recurrent jaundice with an endobiliary stent. This patient is included in the PBD group.
† Biochemical or clinical.
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regression analyses for death because with only four deaths,
such analyses would be statistically underpowered.

DISCUSSION

We report death and complication rates in 300 consecu-
tive patients who underwent pancreaticoduodenectomy at a
tertiary care cancer center. The observed overall rate of
major complications is comparable to that in other large
series recently reported.2 The observed mortality rate of
1.3% is comparable to the rate of less than 3% reported by
other institutions.2,23–26Unique to this series was that 19%
of patients had undergone laparotomy with unsuccessful
attempted tumor resection before referral, 30% underwent
simultaneous major vascular resection and reconstruction

during pancreaticoduodenectomy, and 5% underwent adja-
cent organ resection.

In an evidence-based approach to interpretation of the
medical literature, randomized trials are given increased
weight owing to the presumed balanced nature of known
prognostic factors between treatment and control groups.
However, the existing phase III trials10–15 evaluating pre-
operative biliary drainage included only small numbers of
patients who underwent pancreaticoduodenectomy; the
largest trial had only 29 such patients.12 Consequently,
specific subset analyses of pancreaticoduodenectomy-asso-
ciated morbidity and mortality were impossible to perform
in these trials. In the absence of larger randomized trials
limited to patients undergoing pancreaticoduodenectomy,

Table 5. MULTIVARIATE LOGISTIC REGRESSION ANALYSIS OF COMPLICATIONS
(EXCLUDING DEATH*) BY GROUP

End Point

Odds Ratio (95% CI), P Value

PBD† vs. No Drainage PBD† 1 BBP vs. No Drainage

Any complication 1.0 (0.4–2.6), P 5 .99 1.1 (0.4–2.6), P 5 .89
Any major complication 0.6 (0.3–1.1), P 5 .085 0.6 (0.3–1.2), P 5 .13
Infectious complications 1.1 (0.6–1.1), P 5 .71 1.3 (0.7–2.4), P 5 .44
Intraabdominal abscess 0.4 (0.1–1.1), P 5 .08 2.5 (0.2–1.3), P 5 .15
Pancreaticojejunal leak‡ 0.9 (0.3–2.8), P 5 .877 1.4 (0.5–4.0), P 5 .59
Wound infection 4.1 (1.2–14.0), P 5 .029 4.1 (1.2–13.0), P 5 .022

CI, confidence interval; PBD, prosthetic biliary drainage; BBP, prereferral surgical biliary bypass.
* With 4 deaths in 300 patients, there was insufficient statistical power for multivariate analysis of factors associated with postoperative death.
† One patient with an occluded choledochojejunostomy had preoperative relief of recurrent jaundice with an endobiliary stent. This patient is included in the PBD group.
‡ Biochemical or clinical.

Figure 1. Results of multivariate analyses for the postoperative morbidity end points. There were only 4
deaths among the 300 patients, so there was insufficient statistical power for a multivariate analysis of
factors associated with postoperative death. Results for each of the other end points are presented as the
odds ratio (box) and 95% confidence interval (bar). Wound infections were significantly more common in
patients who underwent preoperative biliary drainage. No other complications were significantly different
between groups. PBD, prosthetic biliary drainage; BBP, biliary bypass procedure; PJ, pancreaticojejunal.
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the current findings and the existing body of retrospective
evidence assume increased importance.4–6,8,28,29

In the study from MSKCC by Povoski and colleagues the
potential associations between an extensive group of demo-
graphic, co-morbid, operative, and biliary drain-related pa-
rameters were evaluated for four specific endpoints: overall
complications, infectious complications, intra-abdominal
abscess, and postoperative death.4 Multiple individual uni-
variate comparisons and multivariate analyses demonstrated
that preoperative biliary drainage was independently asso-
ciated with all four endpoints. Ten postoperative deaths
(7.9%) were observed among the 126 patients who under-
went preoperative biliary drainage compared with two
deaths (1.8%) among the 114 patients who did not undergo
preoperative biliary decompression (multivariateP , .037).

Direct comparison of the Memorial Sloan-Kettering re-
sults to our findings is limited by the fact that Povoski et al
did not analyze other complications such as wound infection
or anastomotic leak and included 10 patients in the preop-
erative biliary drainage group who underwent prereferral
BBP. One assumes that the authors included patients with
prior BBP because a preoperative biliary-enteric anastomo-
sis results in bacterial colonization of the biliary tree and
therefore a risk for biliary drainage-related complications
similar to that with prosthetic biliary stents. However, in-
clusion of the subset of patients with prior BBP may con-
found the interpretation of biliary drain-related complica-
tions because it may be difficult, if not impossible, to
distinguish between the potential added morbidity and mor-
tality from reoperative biliary surgery and the potential
morbidity/mortality from biliary decompression itself. To
address this possibility, we have analyzed our data using
two distinct approaches: excluding patients who underwent
prereferral BBP (i.e., PBD vs. no biliary drainage), and
comparing any form of biliary drainage (PBD1 BBP) with
no drainage (i.e., an identical approach to that used by
Povoski et al4). Using either approach and analyzing for
several end points, we found that biliary decompression

significantly increased only the risk of wound infection
(OR, 4.1; 95% CI, 1.2–13.0;P 5 .022). Thus, in our
experience, preoperative biliary decompression did not re-
sult in a significant increase in the rates of major compli-
cations after pancreaticoduodenectomy. The wide confi-
dence intervals observed in the univariate logistic regression
analysis for the risk of postoperative death with biliary
decompression (OR, 1.3; 95% CI, 0.1–13.0;P 5 .79) are
due to the small number of deaths. With 4 deaths in 300
patients, we did not have sufficient statistical power for a
multivariate analysis of factors predicting postoperative
death.

Sohn et al16 recently reported results of a comprehensive
analysis of 567 patients who underwent pancreaticoduode-
nectomy at Johns Hopkins. Patients who underwent prior
BBP (30 patients) were excluded from the analysis to elim-
inate the potential confounding effects of reoperative biliary
surgery on the assessment of biliary stent-related morbidity
and mortality. The surgical mortality rate in the 408 patients
who underwent preoperative biliary decompression was
1.7%, comparable to our rate of 0.6% in these patients.
Comprehensive univariate and multivariate analyses were
used for rates of overall complications, pancreatic fistula,
wound infection, delayed gastric emptying, intraabdominal
abscess, cholangitis, bile leak, pneumonia, pancreatitis, and
reoperation. The only complication associated with preop-
erative biliary decompression (by PTC or EBS) by multi-
variate analysis was wound infection (P 5 .03). Sohn et al
did not report ORs or CIs, making direct comparison with
our results difficult. Nonetheless, analysis of our results
with inclusion or exclusion of patients who had prereferral
BBP yielded observations similar to those reported by the
Johns Hopkins investigators.

The issue of whether there is increased risk for postop-
erative death associated with biliary stent placement is of
major importance (Table 6). The Memorial Sloan-Kettering
investigators found a fourfold increase in the surgical mor-
tality rate associated with preoperative biliary drainage

Table 6. RECENT SERIES EVALUATING BILIARY STENT-RELATED MORBIDITY AND
MORTALITY IN PATIENTS UNDERGOING PANCREATICODUODENECTOMY

Author/Group

No. Patients Mortality, %

Multivariate FindingsTotal Stent No Stent Stent

Povoski/MSKCC4 240 126 1.8 7.9 Increased mortality; increased overall morbidity,
infections, intra-abdominal abscess

Sohn/JHU15 567 408 2.5 1.7 No increased mortality; increased wound
infection

Martignoni/Bern38 257 99 1.9 3.0 No increased mortality, infectious complications
or total morbidity

Present Series 300 172 1.1 0.6 No increased mortality; increased wound
infection

MSKCC, Memorial Sloan-Kettering Cancer Center; JHU, Johns Hopkins University; Bern, University of Bern; MDACC, The University of Texas M. D. Anderson Cancer
Center.
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(1.8% in the no stent group vs. 7.9% in the biliary drainage
group).4 The authors concluded that preoperative biliary
drainage should be avoided whenever possible in patients
with potentially resectable pancreatic and peripancreatic
lesions. Their data suggest that instead of endobiliary stent
placement, jaundiced patients should undergo prompt lapa-
rotomy for attempted tumor resection and definitive opera-
tive management of their jaundice; this allows pancreati-
coduodenectomy to be performed with the lowest possible
mortality rate. In contrast, our experience suggests that
patients with extrahepatic jaundice can be safely managed
with prereferral nonsurgical biliary drainage. This facilitates
timely palliation of symptomatic jaundice and allows time
for careful treatment planning. As advocated by others,30

such treatment planning should include referral to a regional
center that specializes in pancreatic cancer treatment for
more detailed pretreatment staging and stage-specific mul-
timodality therapy. Referral to a high-volume center is
important given recent reports from Birkmeyer et al31,32and
others33-37 documenting high morbidity and mortality rates
associated with pancreaticoduodenectomy performed out-
side high-volume centers. Indeed, a policy of stent place-
ment and referral to a regional center may be the safest and
ultimately the most cost-effective strategy for these patients.
Physicians caring for patients with presumed malignant
extrahepatic biliary obstruction should not be concerned
that they are increasing the risks of subsequent pancreati-
coduodenectomy by proceeding with cholangiography and
therapeutic biliary drainage before prompt referral. Simi-
larly, patients treated with preoperative chemoradiation who
require pretreatment nonoperative biliary decompression
should not be concerned that the procedure will increase
their risk for major complications or death during preoper-
ative treatment38 or following pancreaticoduodenectomy.

In the absence of meaningful randomized data addressing
the issue of pancreaticoduodenectomy-specific stent-related
morbidity and mortality, it is important to acknowledge the
limitations of the retrospective nonrandomized nature of
this report and the other retrospective studies addressing this
issue.4,6,8,16,28,29Significant clinical judgment (that results
in selection bias) occurs during the clinical evaluation of
jaundiced patients. Patients who are older, appear to have
malnutrition, or have significant comorbid conditions, sub-
optimal performance status, or other organ function com-
promise secondary to biliary obstruction are more likely to
undergo preoperative biliary decompression. The bias intro-
duced by performing biliary decompression on patients with
an inferior performance status is probably significant but is
impossible to quantitate accurately in a retrospective fash-
ion. Nevertheless, because patients with an inferior perfor-
mance status tend to undergo biliary decompression first,
whereas low-risk, good-performance-status patients are
generally taken directly to surgery, the comparison of peri-
operative complication and death rates in biliary decom-
pression versus no drainage groups in all retrospective stud-
ies is biased in favor of the no drainage group. In the current

study, patients who underwent PBD were significantly older
(P 5 .0098) and had a lower preoperative serum albumin
level (P 5 .0051). Such selection bias-related differences
between the biliary decompression and no drainage groups
are still discernible in the current report despite an institu-
tional commitment to protocol-based neoadjuvant therapy
that extended the usual criteria used to select patients for
preoperative biliary decompression (i.e., patients who
would otherwise proceed to surgery without preoperative
biliary decompression underwent biliary decompression
solely to permit preoperative chemoradiation).

In summary, our analysis of 300 consecutive patients
who underwent pancreaticoduodenectomy shows that pre-
operative biliary drainage is associated with an increased
risk for subsequent wound infection but not other compli-
cations, including intraabdominal abscess, pancreaticojeju-
nal anastomotic leak, or death. Our data thus suggest that
preoperative biliary stenting can be used safely without an
increased risk for major postoperative complications or
perioperative death. This is significant in the context of
evaluating current staging practices for jaundiced patients
with suspected pancreatic or periampullary malignancy;
these patients do not require immediate laparotomy and
attempted tumor resection to undergo pancreaticoduodenec-
tomy with acceptably low morbidity and mortality. Given
the current findings, those of Sohn et al,16 and the well-
established relationship between institutional surgical vol-
ume and pancreaticoduodenectomy-associated rates of mor-
bidity and mortality,31–37 patients with extrahepatic
jaundice of presumed neoplastic origin should receive ac-
curate pretreatment CT imaging, timely biliary decompres-
sion, and should be offered referral to a high-volume center
experienced in the multidisciplinary management of pancre-
atic cancer.39
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